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Abstract
The SST-1 machine comprises a superconducting magnet system (SCMS), which includes TF and PF magnets. In 
order to charge the SCMS, we need superconducting current feeders consisting of SC feeders and vapor cooled 
current leads (VCCLs). We have installed all 10 (+/-) pairs of VCCLs for the TF and PF systems. While conducting
initial engineering validation of the SST-1 machine, our prime objective was to produce circular plasma using only 
the TF system. During the SST-1 campaign I to VI, we have to stop the PF magnets cooling in order to get the cryo-
stable conditions for current charging of the TF magnets system. In that case, the cooling of the PF current leads is 
not essential. It has been also observed that after aborting the PF system cooling, there was a limited experimental
window of TF operation. Therefore, in the recent SST-1 campaign-VII, we removed the PF current leads (9 pairs) 
and kept only single (+/-) pair of the 10,000 A rated VCCLs to realize the charging of the TF system for the 
extended window of operation. We have observed a better cryogenic stability in the TF magnets after modifications 
in the CFS. In this paper, we report the comparison of the cool down performance for the SST-1 machine operation 
before and after modifications of the current feeders system.
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1. Introduction
The SST-1 machine consists of 16 D-shaped Toroidal Field (TF) and 9 circular Poloidal Field (PF) 
superconducting magnets. The conductors used for the superconducting magnets are NbTi/Cu based cable-in-
conduit-conductor (CICC). In order to charge current in the SCMS, a dedicated superconducting Current Feeders 
System (CFS) is required. The CFS is essentially an optimised bridge between the power supply at room
temperature and the SCMS of SST-1machine at 4.5 K. 
The CFS is a complex electrical and cryogenic network which consists of ten pairs of 10,000 A rating helium 
vapour cooled conventional current leads (VCCLs), forty numbers of Cu-SC joints, three numbers of cryo-
compatible superconductor feeder ducts and current leads assembly chamber as shown in Fig. 1 [1]. In order to carry 
out CFS assembly with essential components, a horizontal capsule shaped cryostat has been provided as shown in 
Fig. 2. Among ten pairs of VCCLs, a single pair is dedicated for the TF system charging whereas other nine pairs 
are dedicated for individual charging of the PF system.
While conducting initial engineering validation of the SST-1 machine, our prime objective was to produce 
circular plasma using only the TF field [4]. During the SST-1 cool down, we have to stop the PF magnets cooling in 
order to get the cryo-stable conditions for current charging of the TF magnets system. It has been also observed that 
after closing of the PF system cooling, there was a limited experimental window of TF operation. Therefore, in the 
recent SST-1 campaign-VII, we removed the PF current leads (9 pairs) and kept only one (+/-) pair of the 10,000 A
rated VCCLs to realize the charging of the TF system for extended window of operation.
This paper reports the comparison of the cool down performance before and after modifications of the CFS. The 
first part of the paper describes the SST-1 cool down before modifications in the CFS. The second part includes 
implemented modifications in CFS and cool down performance for SST-1 machine operation after modifications.
                              Fig. 1. Current feeders system (CFS).                                               Fig. 2. CFS to SST-1 current feeders ducts.
1.1. Current feeders system (CFS) overview
Before modifications of the CFS, one pair of TF current leads and nine pairs of PF current leads were installed in 
the CFS with liquid helium (LHe), super-critical helium (SHe) and gaseous helium network via insulation breaks as 
shown in Fig.3 [2]. There are three current feeders ducts coming out from CFS namely TF, PF lower and PF upper 
duct.
The CFS is equipped with process parameters measuring instruments like flow, pressure, temperature, level, 
vacuum, voltage taps and final control elements like control valves, heaters, vacuum pumps for safe and reliable 
operation of the CFS during current charge operation of the SST-1. Equipped process measurement and control 
instruments in CFS are mentioned in Table1. All listed instruments are connected to a Schneider make
programmable logic controller (PLC).
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                                                           Table1. Current feeders system (CFS) equipped instrument details.
Process instruments Measuring range Quantity
Pressure 0 to 2 bar(a) 1
Differential Pressure -10 to 60 mbar 20
Flow Transmitter
Level Transmitter               
Temperature Transmitter
Voltage Taps
Vacuum Gauge(BA)
Control Valves                   
Gate Valves
0 to 7 g/s, 0 to 5 g/s
0 to 1016 mm,0 to 152.4 mm
4 to 325 K,73.15 to 323.15 K
0 to 1 V,0 to 150 mV
10-3 mbar to 10-11 mbar
0 to 100 %
On/Off
2, 11
1, 20
62, 20
40, 20
1
13
1
1.2. CFS data acquisition and control system
Established PLC and SCADA communication for the CFS control and Graphical User Interface (GUI) developed 
in SCADA as shown in Fig. 4. Developed PLC program takes care of TF and PF current lead’s process variables 
linearization, I/O scanning with other cryogenics sub-system’s PLCs, safety interlocks and process automation. GUI
program developed in Wonderware SCADA. GUI application is programmed for real time data trend, historical 
trend and data report generation. Industrial SQL (InSQL) server is configured to communicate with CFS’s SCADA 
application for centralized data storage. Process data of CFS can be retrieved back from InSQL server for post 
analysis of experiment. Factory suite gateway configured in InSQL server for providing CFS critical real time data 
to SST-1 main control room. InSQL server is synchronized with master clock received from the SST-1 central 
control room’s GPS based clock tracking system through optical fiber link connected to time synchronizing PCI 
card installed in InSQL server. Advantage of time Synchronization is to compare and relate any process event 
occurred from different working data acquisition platform of the SST-1 at same time stamp.
                                                           
Fig 4. Established current feeders system PLC and SCADA application.
Fig. 3. CFS inside view before modifications.
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2. Cool down performance for the SST-1 before CFS modifications
2.1. Integrated flow distribution system(IFDCS)
Fig. 5. Integrated SHe flow distribution system (IFDCS) for SST-1.
Fig. 5 shows the GUI of installed an Integrated Flow Distribution and Control System (IFDCS) for supplying the 
SHe to different paths of SCMS. The three control valves, FCV021, FCV031 & FCV041 in the downstream of TF 
magnets, PF magnets and support structure system maintain and control the required flow rates in each of the 
systems path for simultaneous cool down of all the systems of the SST-1 [3]. The IFDCS also contains appropriate 
valves for the safe release of the helium following any quench in the SCMS. Automation of the IFDCS is achieved 
by a PLC based supervisory control system.
2.2. Cool down results before the CFS modifications
Due to PF hydraulics imbalance, PF magnets have been cooled down to 12 K at inlet and 38 K at outlet with all 
maximum possible flow distributions. It requires aborting the PF magnets cool down to achieve cryo-stable 
conditions for the TF magnets current charging [4]. After aborting the PF cool down, a gradual rise in the 
temperature of the PF magnets and current leads was observed which resulted in higher heat loads. Subsequently,
the helium refrigeration and liquefier (HRL) plant cooling capacity as well as LHe yield was compromised. Fig. 6
shows the SST-1 experimental window with the PF LHe hydraulic being active.
                                          
Fig. 7. SST-1 TF current charge scenario before CFS modifications.Fig. 6. SST-1 experiment window before CFS modifications.
SST-1 Experiment 
windows of 3 days
TF < 6 K
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Fig. 7 shows rapid consumption of LHe during the TF magnet current charge. There was a significant heat load of 
about 550 W on the SST-1cryo system from the unused PF magnet as well as their CLs after stopping PF cool down.
Cryo-stability of three days in the TF magnet leads to a limited current charge experiment performed in the SST-1. 
3. Cool down performance for the SST-1 after CFS modifications
3.1. Implementation of CFS modifications 
In order to enhance the experimental window, the modifications of CFS were essential by removal of standby and 
unused load of PF current leads from CFS. Removal of the PF current leads would save considerable standby cold 
power. Two vacuum barrier ducts inside CFS were made and installed. All PF bus-ducts were accommodated inside
with their respecting hydraulics scheme and electrical connections. The PF current leads were taken out from the 
LHe cooling hydraulic circuits. Figs. 8(a) to (d) show the CFS implemented modifications. 
Fig. 8(a) Vacuum barrier duct installation plan inside CFS after removal of PF CLs.
Fig. 8(b) Vacuum barrier duct installation.      Fig. 8(c) PF bus bar inside barrier duct.          Fig. 8(d) Inside view of CFS after modifications.
3.2. PF magnets cool down results before and after CFS modifications
The best possible PF magnets return path temperatures were achieved down from 38 to 24 K after the CFS 
modifications as shown in Fig. 9. As per the process, the available pressure head from the HRL pant does not allow 
to cool the PF hydraulics below 24 K due to their uneven distribution of hydraulic resistances as well as demand for 
the more pressure head, which is not ideally possible. 
Fig. 9. PF magnet path cool down scenario before and after CFS modifications.
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3.3. Cool results after CFS modifications
Fig. 10. Extended SST-1experimental window after CFS modifications.            Fig. 11. LHe level maintained during TF current charge.
Fig. 10 shows the enhanced SST-1 experiment window of at least 7 days more after the modifications in the CFS.
The removal of the PF CLs resulted in a considerable saving of cold standby power. The LHe level is maintained in 
the main Control Dewar during the SST-1 TF magnets current charge operation after the CFS modifications as 
shown in Fig. 11. The SST-1 TF magnets have been energized at 4,700 A in excess of more than 20,000 seconds of 
TF flat-top.
4. Conclusion
The CFS cryostat has been modified with additional two smaller size vacuum barrier ducts installation for PF 
lower and upper ducts. All standby PF current leads were removed from the CFS. This resulted into 70% savings of 
the cold standby power. The PF magnets temperatures were brought down from 38 K to 24 K.
After the CFS modifications, we have successfully demonstrated the extended experimental window of 7 days
more for TF magnet current charging and carrying out Plasma experiments on SST-1 during cool down campaign-
VII. 
The SST-1 TF magnets have been energized for 4,700 A in excess of more than 20,000 seconds of TF flat-top.
During the SST-1 current charge campaign, CFS performance found to be satisfactory and reliable along with their 
instrumentation, control and Data Acquisition System.
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